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PREFACE

This species profile is one of a series on coastal aquatic organisms,
principally fish, of sport, commercial, or ecological importance. The profiles
are designed to provide coastal managers, engineers, and biologists with a brief
comprehensive sketch of the biological characteristics and environmental
requirements of the species and to describe how populations of the species may be
expected to react to environmental changes caused by coastal development. Each
profile has sections on taxonomy, 1ife history, ecological role, environmental
requirements, and economic importance, if applicable. A three-ring binder is
used for this series so that new profiles can be added as they are prepared.
This project is jointly planned and financed by the U.S. Army Corps of Engineers
and the U.S. Fish and Wildlife Service.

Suggestions or questions regarding this report should be directed to one of
the following addresses.

Information Transfer Specialist
National Wetlands Research Center
U.S. Fish and Wildlife Service
NASA-S1idell Computer Complex
1010 Gause Boulevard

Slidell, LA 70458

or

U.S. Army Engineer Waterways Experiment Station
Attention: WESER-C

Post Office Box 631

Vicksburg, MS 39180
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Carapace
length

Figure 1. Dorsal view of an adult spiny lobster, Panulirus argus.

SPINY LOBSTER

NOMENCLATURE /TAXONOMY /RANGE

Scientific name. . . . Panulirus argus

(Latreille)

Preferred common name. .Spiny lobster,
crawfish (Figure 1)

Other common names. .Crayfish, Florida
spiny Tlobster, Western Atlantic
spiny lobster, Caribbean spiny
lobster, rock lobster, "bug"

Class. v v ¢« v v v v v o« o W Crustacea
Order. . . « ¢ v v v v v v .. Decapoda
Family . . . . . . . . .. Palinuridae

Geographic range: The spiny lobster
inhabits the coastal waters and
shallow Continental Shelf waters
from North Carolina south to Brazil,
including Bermuda and the Gulf of
Mexico (Williams 1965) (Figure 2).

A few specimens have been collected

in the Gulf of Guinea, West Africa
(Marchal 1968).

MORPHOLOGY/IDENTIFICATION AIDS

General: The subcylindrical
carapace is studded with forward-
projecting spines, and prominent
rostral horns extend over stalked
eyes. Long, whip-like antennae are
tapered anteriorly and covered with
small spines. The slender, elongate
walking legs (pereopods) bear setose
dactyls. The tail is smooth except
where notched along the lateral edges,
and the transverse groove on each tail
segment is interrupted at the midline.
The tail fan is composed of a central
telson bordered by a pair of biramous
uropods.
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Color: In young juveniles (7 to
20 mm carapace length; all lengths of
lobsters in this profile are carapace
lengths unless otherwise stated), the
antennae and pereopods are banded with
distinct white stripes; a broad white
stripe extends along the dorsal
midline of the carapace and abdomen.
The general body colors are shades of
brown, black, and purple. Adult color
varies from Tlight gray or tan with
green and brown shades to deeper brown
with red and black shades. The second
and sixth tail segments have 1large
white or yellowish ocelli; small
ocelli are dorsolateral on other tail
segments. The legs are striped longi-
tudinally with dull blue, and the
pleopods are bright orange and black.

Sexual dimorphism: Females are
distinguished by the small chela on
the dactyls of the fifth pereopods;
the adult male is characterized by an
elongate second pair of legs bearing
extended, curved dactyls. The endopo-
dite of female pleopods is well deve-
loped, hooklike, and heavily setose.
In males, the raised genital openings
lie at the base of the fifth pair of
legs; in females they lie at the base
of the third pair of legs. The female
sternum is striated and narrower at
its posterior margin than in the male.

Related species: The sympatric
P. laevicauda has no dorsal grooves
on the tail segments and bears small
white spots along the Tlateral margin
of the tail; P. guttatus has a
single, uninterrupted transverse
groove on the second through the fifth
tail segments and has many white spots
over the body.

REASON FOR INCLUSION IN THE SERIES

Panulirus argus supports major
commercial fisheries in south Florida,
the Bahamas, Cuba, Brazil, and
throughout the Caribbean. Spiny
lobsters are mid- to high-level preda-
tors and probably are important in

structuring marine  benthic  com-
munities, Throughout their Tlives,
lobsters live among diverse habitats
and exhibit behavioral and physiologi-
cal characteristics that make them
excellent test organisms for basic
research.

LIFE HISTORY

The 1life history of the spiny
lobster consists of five major phases,
having the following distinctive beha-
viors and habitat use: (1) oceanic

planktonic phyllosome larvae,
(2) swimming postlarval pueruli
(singular = puerulus), (3) early

benthic "banded" juveniles, (4) later
juveniles (20-65 mm carapace length,
CL), and (5) adults. A broad range of
marine habitats are used during their
life cycle (Figure 3).

Spawning Habits

Most spiny 1lobster in Florida
waters reproduce during late spring
and early summer, Crawford and De
Smidt (1922) reported peak spawning in
April and May; Dawson and Idyll (1951)
observed a peak in April (29% of fe-
males sampled bore eggs); and Lyons et
al. (1981) noted high Tlevels in May
(32.8%) and June (30.3%). Davis
(1975) reported an April peak (55%)
for an unfished population of large
lobsters at Dry Tortugas. Yearly
variations 1in peak spawning time
depend largely on water temperature.
Crawford (1921) reported optimal
spawning at 240 C, whereas Lyons et
al. (1981) observed that spawning
began at 249 C in deep reef areas (30
m). In Florida, there is no direct
evidence that Tobsters spawn more than
once a year, but some repeat spawning
by some individuals is suspected in
Bermuda waters (Creaser 1950;
Sutcliffe 1952).

The spiny Tlobster spawns in
offshore waters along the deeper reef
fringes (Kanciruk and Herrnkind 1976;
Warner et al. 1977; Lyons et al.
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Figure 3.

The spatial aspects of the life cycle of the spiny lobster Panulirus
argus. The postlarval pueruli move inshore, settling in subtidal algae.

Juveniles during the first 2 years of benthic 1ife remain in lagoons and shallow
seagrass beds and show both nomadic and residential phases in apparent accord
with food and shelter. The subadults gradually emigrate from the nursery and
disperse about the extensive shallow (3-10 m depth) banks characteristic of their
range. After breeding on the reefs, the females move to waters bordering oceanic
currents to release larvae. Adults exhibit seasonal cycles of residency, noma-
dism, reproductive migration, and inshore-offshore migration (sometimes en
masse). The pattern of movement varies considerably over the range of the spe-
cies {(from Herrnkind 1980 reprinted with permission from Academic Press, New
York).

matophore adheres to the female ster-
num until spawning. The sperm may
remain viable for as long as one
month.

1981). Although adult males and fe-
males sometimes inhabit bays, lagoons,
estuaries, and shallow banks, none are
known to spawn there. Requirements of
offshore spawning are high shelter

quality, suitable water conditions Spawning is described in detail

(stable temperature and salinity, low
surge and turbidity), and adequate
larval transport by oceanic currents
(Kanciruk and Herrnkind 1976).

Mating follows a brief courtship
involving signals by both male and
female. During copulation, the male
holds the female sternum to sternum
against him and extrudes a sper-
matophoric mass. The gray tarry sper-

by Crawford and De Smidt (1922) and
Sutcliffe (1952). The female abdomen
is flexed in cuplike fashion beneath
the cephalothorax, and the telson and
uropods are spread. Eggs (spherical,
0.5 mm diameter) are liberated exter-
nally through the gonopores located at
the base of the third pair of walking
legs. Fertilization begins as a
female scratches at the spermatophore
packet using the chelate dactyls of



the fifth walking legs. The bright
orange, yolk-filled eggs adhere to
hook1like pleopodal setae on the under-
side of the abdomen. Fecundity varies
directly with size: females 71 to 75
mm long carry 230,000 eggs; females
longer than 100 mm may carry over
700,000 eggs (Mota-Alves and Bezerra
1968). Embryonic development lasts
about 3 weeks (Crawford 1921). The
eggs turn brown a few days before
hatching. The phyllosomes emerge from
the egg membrane and disperse into the
water column assisted by abdominal
movements of the female.

The relative (percentage) contri-
bution of each size class in the popu-
lation to the total number of eggs
layed can be estimated using the Index
of Reproductive Potential (IRP;
Kanciruk and Herrnkind 1976), which
states:

IRP = (A x B x C)/D

where A = total females within a
given size- class/total
females in the
population

B= % of females bearing
eggs in that size class

C = fecundity of females in
that size class

D= a constant (total eggs
1aid/100%) derived to
set the index of a par-
ticular size class at
the percentage contri-
bution to the total egg
production.

Applying the IRP to the lobster popu-
lation of the upper Florida Keys,
Lyons et al. (1981) estimated that
the 76-85 mm CL size class contributed
48% of total egg production. Females
longer than 85 mm made up only 20% of
all females, but contributed about 41%
of eggs. Smaller size classes (< 76
mm CL) constituted 25% of all females,
but contributed only 11% of the eggs.
Compared to the index values for the
unfished population at Dry Tortugas
(data provided by Davis 1975), Lyons

et al, (198l) estimated that egg pro-
duction in the Florida Keys was only
12% of that to be expected from an
unfished population of similar size.

Intense fishing may have caused a
decline in the minimum size of
spawning females in Florida waters,
The smallest egg-bearing females
reported by Crawford and De Smidt in
1922 were 76 mm, but in recent surveys
egg-bearing females were as small as
71 mm (Warner et al. 1977) and 65 mm
(Lyons et al. 1981). 1In contrast, the
smallest egg bearer observed from an
unfished population at Dry Tortugas
was 78 mm (Davis 1975). Suggested
causes for this apparent decline in
size are genetic selection (Warner et
al. 1977), modified sexual behavior
when large females are rare (Lyons et
al. 1981), and reduced growth caused
by high injury rates (Davis and
Dodrill 1980). The minimum legal size
(established in 1965) may not ade-
quately protect spawning stock in
Florida (see a related discussion in
the section on the Commercial and
Sport Fishery).

Larvae

Eggs hatch as transparent,
phyllosome (leaf-bodied) larvae. They
are morphologically well equipped for
planktonic 1life, bearing long, highly
setose appendages extending from a
dorsoventrally flattened, bilobed
cephalothorax. Phyllosomes swim in a
horizontal position by means of the
exopodal action of the biramous legs
(Provenzano 1968). They undergo a
diel pattern of vertical distribution,
ascending to surface waters at night
and descending during the day (Sims
and Ingle 1967). Distribution is
otherwise regulated by ocean currents
and other factors that influence water
circulation patterns (Austin 1972).

Phyllosomes develop through about
11 stages, increasing in size from
2 mm (total 1length) at hatching to
nearly 34 mm before metamorphosis
(Lewis 1951). Duration of the phyllo-



some stage is about 6 to 12 months
(Lewis 1951; Lyons et al. 1981).

The uncertainty of the duration
of the phyllosome stage renders the
question of Tlarval origins problema-
tic. Major factors causing uncer-
tainty are variations in growth rates,
delays in metamorphosis, the
widespread abundance of Tlarvae, and
the inherent complexities of oceanic
circulation throughout the western
Atlantic region (Lewis 1951; Sims and
Ingle 1967; Austin 1972; Richards and
Potthoff 1981). The larval source for
Florida is. unknown, but two different
origins are proposed: (1) larvae of
Caribbean spawning stocks (Lewis 1951;
Sims and Ingle 1967) are transported
downcurrent to Florida, and (2) larvae
of Tocal stocks are retained by idio-
syncratic current patterns off the
coast of Florida (Menzies and Kerrigan
1979). Neither proposal is conclusive,
and new research approaches are under
study, particularly biochemical
genetics {Menzies 1981; see Lyons 1981
for a thorough review).

Postlarvae and Early Juveniles

The spiny lobster Tlarva meta-
morphoses 1into a puerulus, a brief
(several weeks), nonfeeding, oceanic
phase (Lyons 1980). The puerulus
possesses a number of distinctive
features including adaptations for
rapid, efficient swimming (e.g., a
smooth, lightweight transparent body
lacking calcification and spines, and
a dorsoventrally flattened carapace).

After metamorphosis offshore
(Sweat 1968; Witham et al. 1968),
pueruli swim shoreward by night,
antennae directed forward, within a
few centimeters of the water surface
(Lyons 1980). Propulsion is provided
by specialized abdominal pleopods.
Large numbers of pueruli arrive along
the southeast Florida coast and
southern shores of the Florida Keys
throughout the year, principally
during the new and first-quarter lunar

phases (Sweat 1968; MWitham et al.
1968; Little 1977; Little and Milano
1980). The season of peak recruit-
ment varies considerably from year to
year and regionally, but maximum num-
bers generally arrive inshore in
spring; there is a lesser peak in fall
(Lyons  1980). Because Florida
lobsters spawn almost exclusively in
late spring, year-round recruitment of
larvae suggests that a substantial
number of pueruli originate elsewhere.

Pueruli settle rapidly when they
encounter suitable inshore substrate.
They acquire reddish-brown pigmen-
tation and within days molt into the
first juvenile stage. The distinctive
color patterns of early benthic juve-
niles are a combination of cryptic
(different shades) and disruptive
(bands or stripes) features that make
juveniles in vegetation nearly invis-
ible.

Little 1is known about factors
that stimulate postlarval settlement
and specific habitat requirements of
early juveniles., Witham et al. (1964)
caught postlarvae and young juveniles
up to 25 mm Tong among algal-fouled
mangrove roots and algal clumps
collected from shallow seagrass beds.
Marx (1983) observed postlarvae and
juveniles up to 20 mm Jong in shallow
(2-3 m) macroalgal assemblages domi-
nated by several species of the red
alga Laurencia. Somewhat later stages
(X = 21 mm CL) inhabited small holes
and crevices within a shallow, algal-
fouled rubble zone dominated by
various red algae, primarily Laurencia
(Andree 1981). Eldred et al. (1972)
and Davis (1979) reported substantial
catches of lobsters 11 to 30 mm long
in Biscayne Bay by bait shrimp
trawlers. Trawling took place over
sand/mud bottoms with abundant
seagrasses, calcareous green algae,
and Laurencia.

Early benthic Tlarvae and juve-
niles apparently  concentrate in
macroalgae beds along rocky shorelines
and may be interspersed among Tlarge



expanses of seagrass that typify known
nursery areas like Florida Bay (Davis
and Dodrill 1980; Lyons et al. 1981)
and Biscayne Bay (Davis 1979).

Early benthic 1lobsters tend to
live a solitary existence (Andree
1981; Marx 1983). Because they have
easy access to their food supply,
foraging time for young juveniles and
exposure to predators are minimal.
Young juveniles are highly aggressive,
using the antennae to lash or pry
conspecifics, suggesting that
dispersed spacing patterns may be
maintained by agonistic behavior.

Late Juveniles and Adults

Most Tobsters longer than 20 mm
aggregate in various sheltering struc-
tures in protected bays, including
estuaries with high salinity (Olsen et
al. 1975; Davis 1979). Shelters
include 1large sponges, coral heads,
mangrove roots, grass-bed undercuts,
solution holes, rocky outcroppings or
ledges, and even clumps of sea urchins
(Davis 1971). Most shelters supply
partial camouflage, physically deter
predators, and provide refuge from
physical stress. Adult coloration
replaces the cryptic pattern, and late
juveniles begin to exhibit active
antipredator defense using the anten-
nae as foils.

The ontogenetic transition from
“solitary-asocial" to "aggregative-
social" 1is apparently not rigidly
fixed, and probably depends in part on
the distribution and physical charac-
teristics of lobster shelter (Andree
1981; Marx 1983). Juveniles tend to
be nomadic, usually taking shelter
after foraging at night. Where juve-
nile density is high, transient move-
ments are especially apparent in areas
of intermittent shelter, e.g., the
shallow waters of the Florida Keys
(Herrnkind 1980).

Lobsters approaching maturity
(70-80 mm) emigrate offshore (Witham

et al. 1968; Olsen et al. 1975; Davis
1979). These emigrations are usually
gradual and nomadic, but short-term
mass movements do occur. These move-
ments widely disperse the lobsters
along the reefs that parallel the
Florida Keys (Warner et al. 1977;
Davis 1979; Herrnkind 1980). Sex
ratios inshore indicate that more
females than males emigrate offshore
(01sen et al. 1975; Davis and Dodrill
1980; Lyons et al. 1981).

0ffshore lobster populations are
composed predominantly of adults
residing individually or communally in
crevices of rock or coral. After
foraging at night (up to several
hundred meters) most adults return to
the same or nearby dens (Herrnkind et
al. 1975). Homing apparently involves
orientation of the lobster to hydrody-
namic (current and wave surge), chemi-
cal, topographic, and gravitational
(slope) cues (Herrnkind 1980). Adult
lobsters are highly selective of dens,
residing most frequently in crevices
that allow full withdrawal of the
body, deny access by large predators,
and contain other lobsters (Herrnkind
et al. 1975). The preference for an
occupied den is generally interpreted
as a social response, i.e., being
attracted to conspecifics. Both late
juveniles and adults are gregarious.

The tendency for adult lobsters
to congregate probably is a require-
ment for adequate defense, mating, and
shelter use. Lobsters may resist
predators by blocking large den open-
ings or by forming a cohesive group
adjacent to less formidable shelters
like sponges and sea whips. Males
initiate mating by seeking receptive
females often found congregated during
the day (Lipcius et al. 1983).

Concentrations of spiny lobsters
in the waters of the Florida Keys tend
to shift in autumn and during the
spring reproductive period. Some
movements are sex dependent and some-
times cause sharp differences in male-
female ratios from place to place
























































